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[57] ABSTRACT 

A disposable prepackaged fluid processing module in- 
cludes an integral housing wherein fluid containers, 
tubing segments, and other components required in 
processing a fluid are contained. Fluid communication 
between the containers, components and tubing seg- 
ments is provided by a fluid circuit formed by a panel of 
the housing, and an overlying fluid-impermeable flexi- 
ble sheet member. The fluid circuit includes pump and 
valve elements which operate in response to pressures 
applied to the sheet member. Upon installation of the 
system in a related actuator apparatus pneumatic actua- 
tor ports apply pressures to the pump and valve ele- 
ments to circulate fluid through the fluid circuit. 

46 Claims, 32 Drawing Figures 
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PREPACKAGED FLUID PROCESSING MODULE 
HAVING PUMP AND VALVE ELEMENTS 
OPERABLE IN RESPONSE TO APPLIED 

PRESSURES 5 

BACKGROUND OF THE INVENTION 

The present invention relates generally to fluid pro- 
cessing systems, and more specifically to a self-con- 
tained prepackaged fluid processing module which can 
be conveniently stored, set-up and operated. 

Various methods and apparatus have been developed 
which utilize disposable single-use processing systems 
formed of plastics such as vinyl for accomplishing fluid 
processing procedures. In the medical field, for exam- 15 
pie, processing systems have been developed for blood 
fractionation procedures, such as plasmapheresis, leuko- 
pheresis and plateletpheresis, wherein whole blood is 
separated into one or more fractions by means of either 
a filter element or by means of centrifugation, and for 20 
hemodialysis procedures, wherein diffusion exchange 
occurs through a membrane between whole blood and 
a dialysis solution. 

In these, and in other medical procedures employing 
disposable fluid processing systems, it is typically neces- 25 
sary for an attendant to first select and locate an appro- 
priate filter or membrane element and one or more flow 
sets. The packaging of these items must then be opened 
and the items must be connected together to form a 
fluid circuit, which is then installed on the particular 30 
processor apparatus with which the procedure is to be 
performed. 

Typically, the processor apparatus includes multiple 
pump, detector and clamping elements on which partic- 
ular components and tubing segments of the fluid circuit 35 
must be individually installed. Consequently, the set-up 
procedure may be undesirably complex so as to require 
a specially trained operator, and may require an unde- 
sirably long time period to complete. Furthermore, 
even with the use of a specially trained technician, the 40 
potential remains for error, as where the wrong tubing 
segment is installed on a particular element of the appa- 
ratus. 

Accordingly, the need has developed in the medical 
field for a modular fluid processing system which con- 45 
tains in a single storable package all of the components 
required for a particular procedure, and wherein the 
connections between system components are clearly 
identified and pre-established so. that the system can be 
quickly set-up and installed on an associated processor 50 
apparatus. Preferably, such a system and the associated 
apparatus should be constructed so as to avoid the need 
for installing individual tubing segments and compo- 
nents of the system on individual pump, monitor and 
clamp elements of the apparatus. Furthermore, such a 55 
fluid processing system should contain all fluid contain- 
ers necessary for fluids dispensed arid collected in the 
procedure, so that the operator need only install the 
system in the actuator apparatus and connect input and 
output tubing segments to the donor prior to beginning 
a procedure. 

Previous attempts at reducing the complexity of fluid 
processing systems for medical procedures have cen- 
tered on arranging a portion of the fluid circuit in a 
block or manifold so as to interface with a complemen- 
tarily configured actuator station on a processor appara- 
tus. Typically, such systems did not provide containers 
for storing fluids, such as saline or ACD, and compo- 



nents required in the procedures. Consequently, it was 
necessary for the operator to separately assemble these * 
component and make the necessary connections, with 
attendant delays and potential for error. 

The present invention is directed to a prepackaged 
fluid processing module which satisfies the above re- 
quirements in a form which is economical to produce 
and convenient to store. The system is particularly ad- 
vantageous in medical procedures where a relatively 
complex fluid circuit is required in conjunction with a 
multiple pump, sensing and control elements. 

The invention is particularly useful in continuous- 
flow blood fractionation procedures, such as plasma- 
pheresis, wherein plasma (or other blood component) is 
removed by means of a hollow-fiber filter, and wherein 
a relatively complex and exacting valving and pumping 
regimen is required to control blood flow to and from 
the patient. Accordingly, the invention is illustrated 
herein in conjunction with a blood fractionation circuit, 
although it will be appreciated that the invention can be 
configured to provide other fluid circuits for other 
medical and non-medical procedures. 

Accordingly, it is a general object of the present 
invention to provide a new and improved disposable 
fluid processing system. 

It is a further object of the present invention to pro- 
vide a fluid processing system which is modular in con- 
struction and wherein the components and interconnec- 
tions required therein are contained within a single 
disposable housing. 

It is a further object of the present invention to pro- 
vide a disposable fluid processing module which in- 
cludes an integral housing for storing the principal com- 
ponents thereof, and wherein a panel of the housing 
forms, in conjunction with an overlying fluid imperme- 
able plastic sheet member, a low-volume fluid circuit 
for interconnecting the various components and tubing 
segments of the system. 

It is a further object of the present invention to pro- 
vide a fluid processing system which is modular for 
storage, and which can be readily configured for instal- 
lation on an associated fluid processor apparatus. 

It is a further object of the present invention to pro- 
vide a modular fluid processing system wherein fluid 
flow is controlled to minimize damage to cellular mate- 
rial processed therein. 

SUMMARY OF THE INVENTION 

The invention is directed to a disposable fluid circuit 
which comprises a relatively rigid fluid-impermeable 
panel member including an outwardly depressed por- 
tion thereon. A fluid-impermeable flexible sheet mem- 
ber overlies the panel member to form in conjunction 
with the depressed portions a fluid-sealed fluid circuit. 
The invention is further directed to a fluid module for 
performing a fluid processing procedure having a hous- 
ing including a base panel and a side panel, the base 
panel comprising an element of a fluid circuit as de- 
scribed above, wherein a component required in the 
procedure is contained within the housing. 

The invention is further directed to a fluid processing 
circuit, as described above, wherein the fluid circuit 
includes pump elements actuable by externally applied 
65 forces to establish a controlled flow of fluid through the 
fluid circuit. 

The invention is further directed to a fluid processing 
circuit, as described above, wherein the fluid circuit 
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includes fluid absence, pressure or hemolysis detectors FIG. 17 is a cross-sectional view of the fluid absence 

formed in conjunction with the housing panel and the detector incorporated in the fluid circuit taken along 

flexible sheet member. line 17—17 of FIG. 13. 

RRTPF nFSrRTPTTON OF THF DRAWINGS FIG ' 18 iS * ^OSS-^ 0 ™ 1 view similar t0 FIG - 17 

BRIEF DESCRIPTION OF THE DRAWINGS 5 showing an alternative construction for a fluid absence 

The features of the present invention which are be- detector, 

lieved to be novel are set forth with particularity in the FIGS. 19A-19C are enlarged cross-sectional views of 

appended claims. The invention, together with the fur- a normally closed pump element of the fluid circuit 

ther objects and advantages thereof, may best be under- showing the element in at rest, fill and pump conditions, 

stood by reference to the following description taken in 10 respectively. 

conjunction with the accompanying drawings, in the FIGS. 20A-20C are enlarged cross-sectional views of 

several figures of which tike reference numerals identify a normally-open pump element of the fluid circuit 

like elements, and in which: showing the element in at rest, fill and pump conditions, 

FIG. 1 is a perspective view of a modular fluid pro- respectively, 

cessirig system constructed in accordance with the in- 15 FIGS. 21 A-21E are enlarged cross-sectional views of 

vention for continuous-flow plasmapheresis, showing a bidirectional pump element of the fluid circuit show- 

the cover thereof in place and the system configured for ing the element in at rest, fill and pump conditions in 

long term storage. one direction, and in fill and pump conditions in the 

FIG. 2 is a perspective view of the modular process- other direction, respectively, 

ing system with the cover substantially removed to 20 FIG. 22 is a cross-sectional view of a pressure regula- 

show the placement of the principal components of the tor element of the fluid circuit taken along line 22 — 22 

system therein. of FIG. 13. 

FIG. 3 is a perspective view of the bottom of the FIG. 23 is a cross-sectional view of a pressure sensor 

modular fluid processing system showing the fluid cir- element of the fluid circuit taken along line 23 — 23 of 

cuit formed on the bottom panel thereof. 25 FIG. 13. 

FIG. 4 is a cross-sectional view of the modular pro- FIG. 24 is a cross-sectional view of a hemolysis de- 

cessing module taken along line 4 — 4 of FIG. 1. tector element of the fluid circuit taken along line 

FIG. 5 is an exploded perspective view of the pro- 24r-24 of FIG. 13. 

cessing module showing the principal components and np^rwip™™ of thp prpppupfh 

interconnections thereof. 30 DESCRIPTION OF THE P^FERRED 

FIG. 6 is a perspective view of the processing mod- EMBODIMENT 

ule, disassembled and positioned for installation in the Referring to the drawings, and particularly to FIGS, 

actuator station of an associated processor apparatus 1-7, a prepackaged fluid processing module 20 is shown 

providing a continuous flow separation of plasma from constructed in accordance with the invention for per- 

whole blood. 35 forming a fluid processing procedure in conjunction 

FIG. 7 is a perspective view of the processing module with an associated actuator apparatus 21. The module 

showing the system installed in the actuator station of 20 includes a compact, normally closed housing 22 in 

the processor apparatus of FIG. 6. which the fluid circuit and all the associated compo- 

FIG. 8 is a cross-sectional view of the processing nents required in the procedure are carried in a prear- 

module and the actuator station of the processor appa- 40 ranged and, preferably, preattached condition. The 

ratus taken along line 8—8 of FIG. 7. housing 22 thus serves, in part, as a compact storage 

FIG. 9 is a front elevational view of the back plate container to protect the fluid circuit and components 

provided in the actuator station for engaging the rear prior to use. 

surface of the housing of the processing module. At the time of use, as shown in FIGS. 6 and 7, the 

FIG. 10 is a front elevational view of the movable 45 housing by reason of its unique construction, can be 

actuator head assembly provided in the actuator station opened and conveniently placed in operative associa- 

of the processor apparatus. tion with an actuator station 24 of the actuator appara- 

FIG. 11 is a side elevational view, partially cross-sec- tus 21, which provides pumping and valving actions 

tional and partially diagrammatic, of the processor ap- necessary in the fluid circuit of the module for accom- 

paratus showing the movable actuator head and actuat- 50 plishing the desired procedure. To this end, the actuator 

ing mechanism thereof, and the principal control cir- % station may include an actuator head assembly 25 for 

cuits incorporated therein. ■ engaging the housing, and a control panel 26 by which 

FIG. 12 is a side elevational view, similar to FIG. 11, operating parameters for the procedure may be set by 

showing the movable actuator head in a closed position the operator. 

engaging the processing module. 55 The prepackaged, easily handled module 20, along 

FIG. 13 is a front elevational view of the bottom with the associated actuator apparatus 21, are suited for 

panel and overlying fluid-impervious flexible sheet use with virtually any fluid system. As will soon be- 

member of the processing module partially fragmented come apparent, the module 20 significantly simplifies 

to show the fluid circuit formed in the underlying bot- the handling of fluid circuits, both prior to and during 

torn panel. 60 use, and all but eliminates the possibilities of an incor- 

FIG. 14 is a transverse cross-sectional view of the rectly arranged flow system or an incorrectly con- 

hollow-fiber filter element of the fluid circuit taken . nected pump. 

along line 14 — 14 of FIG. 13. These inherent advantages of the modular flow sys- 

FIG. 15 is a longitudinal cross-sectional view of the tern of the invention particularly lend the invention to 

filter element taken along line 15—15 of FIG. 13. 65 use in fluid processing systems in the medical field, and 

FIG. 16 is a cross-sectional view of a connector fit- particularly for fractionating or otherwise processing 

ting of the fluid circuit taken along line 16 — 16 of FIG. blood. For this reason, use of the module 20 in this 

13. context will be described. 
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While the specific blood processing procedure per- a closed or sterile system, a sterile connector device can 
formed by the module 20 may vary, in the illustrated be used to interconnect the containers 43 and 44 with 
embodiment a fluid circuit for performing a continuous the fluid system, such as disclosed in Granzow, U.S. 
flow membrane plasmapheresis procedure is shown. Pat. No. 4,157,723. 

During this plasmapheresis procedure, whole blood is 5 Preferably, the containers 43 and 44 are stored within 
drawn from a donor through a tubing segment 27 and the housing, in a preattached condition with the fluid 
separated into a plasma component and a red blood cell circuit. The containers 43 and 44, along with the associ- 
component. The red blood cell component is returned ated overwraps may be integrally connected with the 
to the donor through a tubing segment 28. The plasma circuit using a port block, such as disclosed in Boggs et 
component is delivered to a container 30 through a 10 al, U.S. patent application Ser. No. 282,894, filed July 
tubing segment 31 for fractionation into various thera- 13, 1981 and entitled "Port Block Assembly For Inter- 
peutic components, such as albumin or Clotting Factor connecting a Fluid Container with a Fluid Conduit". In 
" I * . _ T __ this arrangement, the containers 43 and 44 are prefera- 

Ketemng now to FIGS. 1-5, the housing 22 is seen to bly permanently secured within housing 22 by adhesive 
comprise four side panels 32-35 and a bottom panel 36 15 attachment to the interior surface of the adjacent side 
formed of a relatively rigid, fluid-impervious material, panel 34. 

preferably translucent, clear or colored, and not opaque When in a preattached condition, the ACD container 
to light, such as molded plastic. The housing 22 is nor- 43 is integrally connected to the fluid circuit of the 
mally closed and sealed for long term storage by means processing system by a tubing segment 56, which in- 
of a cover 37, which is sealed over the open end of the 20 eludes a frangible in-line cannula 57 (see FIG. 5), such 
housing. The cover may be formed of a flexible, fluid- as disclosed in Bayham et al, U.S. Pat. No. 4,294,247 
impervious material such as metallic foil or vinyl, and This cannula 57 is preferably arranged so as to be 
may be secured by means of a layer 38 of adhesive or readily accessible to the operator upon removing cover 
other appropriate means to the edge of the housing, as 37, and preferably also includes a pull tab 58 containing 
shown in FIG. 2. The housing side panels 32-35 prefer- 25 indicia and/or color coding to draw the operator's at- 
ably include an outwardly projecting rim portion to tention to the cannula 57 during the set-up procedure 
facilitate this attachment. A pull tab 39 may be provided Similarly, when preattached, the saline container 44 
to assist the operator in removing the cover at time of is integrally connected to the fluid circuit by means of a 
US % t L J • tubin S segment 60 which includes another frangible 

To facilitate the desired operative interface between 30 in-line cannula 61. This cannula 61 is also preferably 
the module 20 and the actuator station 24 of processor positioned for ready access to the operator upon remov- 
apparatus 21, an elongated aperture 40 (see, in particu- ing cover '27, and also includes a pull tab 62 containing 
lar, FIG. 2) is provided in side panel 32. This aperture indicia and/or color coding to assist the operator in 
40 is normally closed and sealed during storage by locating and fracturing the cannula during set-up. 
means of a cover 41, which extends over the aperture 35 Plasma container 30, which may be in the form of an 
and is secured to side panel 32 by a layer of adhesive or unbreakable bottle of the type which conforms to stan- 
other appropriate means. A pull tab 42 may be provided dards established for long term plasma storage, is pref- 
to facilitate removal of cover 41 from side panel 32 erably not permanently secured and can be removed by 
when preparing the processing system for use. the system operator at time of use. As is best shown in 

In accordance with one aspect of the invention, the 40 FIG. 5, tubing segment 31 is preferably prearranged in 
fluid circuit and all the components required to perform a compact bundle in housing 22 and secured by an adhe- 
the particular desired procedure can be conveniently sive strip 47 or other appropriate means to an adjacent 
earned within the confines of the housing 22. In the side panel 32 (see FIG. 2) so as to be readily accessible 
context of a continuous flow plasmapheresis procedure, when preparing the processing system for use. A pull 
containers are required for storing an anticoagulant 45 tab 48 bearing appropriate indicia and/or color coding 
solution (such as ACD or CPDA), a saline solution, and may be provided at one end of adhesive strip 47 to 
the collected plasma. Accordingly, the fluid processing facilitate removing the strip from the tubing bundle, 
system located within the housing in the illustrated Tubing segments 27 and 28 are each connected at one 
embodiment includes a prefilled ACD container 43, a end to the processing circuit, and at their other end to 
prefilled saline container 44 and the empty plasma col- 50 respective ports of a conventional dual lumen phlebot- 
lection container 30. omy needle 50 to accommodate a "single needle" plas- 

Tne prefilled ACD container 43 and saline container mapheresis procedure. Alternately, each tubing seg- 
44 are preferably formed of flexible vinyl material. To . m'ent 27 and 28 could individually communicate with a 
prevent the contents of the containers 43 and 44 from separate phlebotomy needle to accommodate a "two 
evaporating through the vinyl walls of the containers, a 55 needle" plasmapheresis procedure, 
suitable over-wrap (not shown) is preferably provided Tubing segments 27 and 28 are also each preferably 
to form a vapor barrier around the containers. prearranged in a compact coil within housing 22 and 

The containers 43 and 44 may be stored within hous- secured by respective adhesive strips 52 and 53 in this 
ing 22 in an unconnected condition with the associated form. Pull tabs 54 and 55 identified by appropriate indi- 
fluid circuit. In this arrangement, at the time of use, 60 cia and/or color coding may be provided to assist the 
containers 43 and 44 are removed from the housing 22, operator in locating and removing the adhesive strips 
the overwraps are removed, and the containers are then from these tubing segment coils, 
connected by the operator in flow communication with As shown in FIG. 4, the ACD and saline containers 
the circuit. In making the connection in an open or 43 and 44 can be generally wide and relatively flat so as 
aseptic system, a conventional blood "spike" carried on 65 to accommodate their compact stacking one-above-the- 
tubmg connected to. the fluid circuit can be used to other within the housing 22. The plasma container 30 
pierce a membrane associated with the inlet port of the which, as previously described, is preferably in the form 
end container. Alternately, in making the connection in of a standard plasma collection bottle, can then be con- 
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veniently positioned to one side of the stacked saline and sensing elements of the apparatus. Instead, upon 
and ACD containers 43 and 44 so as to allow room for installation of the module 20 in the actuator station 24 of 
tubing coils 27, 28, and 31. . the processor apparatus, all such functions are realized 

Additional ancillary components and items required automatically without individual attention by the opera- 
during the plasmapheresis process may be contained 5 tor and without interrupting the integrity of the fluid 
within a small rectangular miscellaneous supplies con- circuit of the processing system, 
tainer 63, disposed within housing 22 (see FIG. 2). This In accordance with the invention, fluid pumping and 
container 63 may include hypodermic needles, ban- valving functions are achieved by application of pres- 
dages, surgical tape, antiseptic solution, and other items sure forces to the flexible sheet member 71 which over- 
incidental to the procedure. 10 lies the bottom panel 36 of housing 22. To this end, 
As shown in FIGS. 3 and 4, the bottom panel 36 of actuator apparatus 21, which is described in the copend- 
the housing 22 is molded or vacuum formed to include ing application of the present inventors, entitled "Actu- 
portions 70 which project or bow outwardly from the : ator Apparatus for a Prepackaged Fluid Processing 
housing interior. Together, these portions 70 define in Module Having Pump and Valve Elements Operable In 
the interior surface of the bottom panel the fluid flow 15 Response to Applied Pressures" Sen No. 453,920, filed 
pattern required to perform the plasmapheresis proce- concurrently herewith, includes a housing 81 having a 
dure. This preformed fluid circuit also includes a plural- generally vertical portion within which the actuator 
ity of chambers which provide necessary valving, station 24 is provided for receiving housing 22, and a 
pumping, filtering and fluid detection capabilities when lower base portion on which control panel 26 is pro- 
the system is installed in actuator station 24. . 20 vided. A hanger arm 84 is provided on the left (as 
As is best shown in FIG. 5, the preformed fluid cir- viewed in FIG. 6) side of the upper housing portion to 
cuit defined in the interior portion of bottom panel 36 is support the plasma collection container 30, and three 
sealed by means of a fluid-impermeable flexible plastic tubing retention blocks 85-87 are provided for support- 
sheet member 71 which fits over the interior surface of ing respective ones of tubing segments 31, 27 and 28 
the bottom panel 36. This flexible sheet member 71 is 25 when housing 22 is seated in station 24. 
preferably dimensioned to correspond to the inside Actuator station 24, which is dimensioned to receive 
peripheral dimensions of bottom panel 36 and is secured housing 22 in sliding engagement, may include a pair of 
over the panel 56 by RF welding, or other appropriate slots 88 for engaging ribs 89 molded into the side of the 
means. Together, the portions 70 and the overlying housing to maintain the housing in accurate alignment, 
flexible sheet member 71 form the entire fluid-sealed 30 In operation, pressure communication with the process- 
fluid circuit within the module. ing system is established by means of the movable actua- 
Fluid communication is selectively established with tor head 25 within actuator station 24. When housing 22 
the fluid circuit by means of five connector fittings is installed in station 24, the actuator head extends 
73-77 which extend through respective apertures in through aperture 40 in side panel 32 so as to overlie a 
flexible sheet member 71. When sheet 71 is sealed in 35 portion 90 (FIGS. 9 and 13) of sheet member 71 and the 
position against the inside surface of bottom panel 36, underlying portion of bottom panel 36. To enable pres- 
the connector fittings align and engage respective ones sure forces to be applied to the flexible sheet member 
of five inlet/outlet port locations preformed on the 71, the actuator head is brought into engagement with 
interior surface of the back panel 36. Tubing segment 56 the sheet member by reciprocative movement toward 
is connected to connector 73 at one end and to the ACD 40 the rear of actuator station 24. This causes the bottom 
container 43 at its other end. Tubing segment 27 is con- panel and sheet member to be compressed between the 
nected at one end to connector 73 and at its other end to head and a back plate 91 at the rear of the station, 
the needle 50. Tubing segment 28 is connected to con- As shown in FIG. 9, the back plate 91 may include a 
nector 74 at one end and to the needle 50 at its other series of depressions, collectively identified as 92, ar- 
end. Tubing segment 60 is connected between connec- 45 ranged to receive the raised portions 70 of bottom panel 
tor 76 and saline container 44. Tubing segment 31 is 36. The back plate 91 may be secured to the housing 81 
connected between connector 77 and plasma collection of processor 21 by means of a plurality of machine 
container 30, Fluid flow into and out of the fluid circuit screws 93, or other appropriate fastening means. By 
is thus provided. removing back plate 91 and substituting a different back 
By virtue of this above-described construction, each 50 plate having a different pattern of depressions 92, appa- 
of the components contained within housing 22 is inter- .ratus 21 can be reconfigured for other fluid processing 
connected in a preattached condition for storage and * procedures. A pair of retaining clamps 95 may be pro- 
eventual use in a plasmapheresis procedure. No addi- vided for holding the module 20 in actuator station 24. 
tional interconnections need be made by the operator As shown in FIGS. 8-12, the actuator head assembly 
during set-up 55 25 includes an actuator plate 94 which is brought into 
Referring to FIG. 6, prior to use of the processing engagement with sheet member 71. As shown in FIG. 
module 20, the cover 37 is removed and the plasma 10, this actuator plate includes eight pneumatic pump 
collection container 30, tubing segments 27, 28 and 31, actuator elements 100-107 which apply a vacuum and- 
and the accessories container 63 are removed from /or pressure control effect to appropriate portions of 
housing 22. The cover 41 is then removed, and the 60 sheet member 71 associated with. corresponding pump 
system is installed in the actuator station 24 of processor elements in the fluid circuit defined by the sheet mem- 
apparatus 21, which provides the fluid pumping, valy- ber and bottom panel 36 to obtain necessary pumping 
ing and monitoring functions necessary in accomplish- and valving functions. The actuator plate 94 is prefera- 
ing the plasmapheresis procedure. Significantly, and in bly mounted within actuator head assembly 25 by 
accordance with another aspect of the invention, all of 65 means of a plurality of machine screws 108, or other 
these functions are accomplished without the necessity appropriate fastening means, so that the actuator plate 
of individually installing tubing segments and other can be removed and a different actuator plate having a 
components of the system in separate pumping, valving different arrangement of vacuum actuator ports can be 
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substituted when reconfiguring the processor apparatus 
for a different fluid processing procedure. . 

Referring to FIGS. 10-12, the actuator head 25 is 
mounted on a pair of parallel-spaced guide rods 110 and 
111 for reciprocative movement toward and away from 5 
back plate 91. The head assembly is positioned along the 
guide rods by means of a jackscrew 112, drive gear 
assembly 113 and motor 114. Upon rotation of motor 
114, the jackscrew 112 is turned and the actuator head 
is caused to move. An actuator head control circuit 115 10 
functions in conjunction with limit switches 116 and 117 
to limit actuator head travel between open and closed 
positions. . . 

Within actuator head 25 the individual pneumatic 
actuator elements 100-107 are connected by respective 15 
tubing segments collectively identified as 120 to actua- 
tor circuits 121. These actuator circuits respond to elec- 
trical command signals issued by a processor control 
circuit 122 within processor apparatus 21 to selectively 
apply either a vacuum or pressure differential at the 20 
actuator ports, as required in performing the fluid pro- 
cessing procedure. Also, one or more sensing elements 
such as an ultrasonic detector 123 may be provided in 
the actuator head assembly to sense the occurrence of a 
fluid absence in the fluid circuit. This detector may be 25 
connected by conductors 124 to appropriate sensing 
circuits 125 within the apparatus, which provide an 
appropriate output signal to control circuit 122 upon the 
occurrence of a fluid absence. In addition, control cir- 
cuit 122 may receive operator-initiated command sig- 30 
nals from control panel 26. 

In the open position of actuator head 25, as shown in 
FIG. 11, the housing 22 of the processing system is 
received with the bottom panel 36 thereof interposed 
between actuator plate 94 and back plate 91. Then, 35 
upon issuance of an appropriate operator-initiated signal 
on control panel 26, control circuits 122 condition 
platen actuator circuit 115 to cause motor 114 to close 
the actuator head. This brings the pressure actuator 
ports of actuator plate 94 into tight engagement with 40 
back panel 36, as shown in FIG. 12. Upon completion of 
the procedure, the process is reversed to enable housing 
22 to be removed and the processing system to be dis- 
posed of. 

The fluid circuit formed between the bottom panel 36 45 
of housing 22 and the overlying fluid-impermeable 
sheet member 71, which is collectively identified by the 
number 129 in FIG. 13, includes eight preformed pump 
elements 130-137 for establishing flow through the fluid 
circuit. These pump elements, which are actuated by 50 
respective ones of actuator elements 100-108 in actua- 
tor plate 94, operate in pairs, each pair member being 
alternately actuated to establish a continuous -flow of 
fluid. Pump elements 130 and 131 are paired to pump 
whole blood, as received from a donor through tubing 55 
segment 27 and connector 74, through a conduit seg- 
ment 140 to a filter element 141. Pump elements 132 and 
133 are paired to pump anticoagulant (ACD) fluid from 
tubing segment 56 and connector 73 through a conduit 
segment 142 into conduit segment 140, wherein it is 60 
combined with whole blood. Within filter element 141 
plasma is separated, and separately supplied to port 77 
through a conduit segment 143. Pump components 134 
and 135 pump plasma-deficient whole blood from filter 
element 141 through a conduit segment 144 to a fluid 65 
absence detector element 145. Pump elements 136 and 
137 operate to combine saline from tubing segment 60 
and connector 76 through a conduit segment 146 to the 



762 

10 

plasma-deficient blood in conduit segment 144. Plasma- 
deficient blood from fluid absence detector element 145 
is supplied through a conduit segment 147 to connector 
75 and tubing segment 28 for return to the donor. 

Referring to FIGS. 14 and 15, the plasma filter ele- 
ment 141 comprises a chamber 150 preformed within 
bottom panel 36 within which a plurality of hollow 
fiber filter elements 151 are arranged side-by-side in a 
longitudinal bundle to convey fluid received from con- 
duit segment 140 to conduit segment 144. Adjacent 
each end of the filter bundle layers 152 and 153 of a 
fluid-impermeable material such as polyurethane are 
deposited to form liquid barriers which prevent fluid 
flow exc,ept through the hollow fibers of the filter. 
Plasma collected in the space surrounding the hollow 
fiber filter elements is conveyed through conduit seg- 
ment 143 to connector 77 and tubing segment 46 for 
ultimate collection in the plasma collection container 
30. While a hollow^fiber type filter membrane is shown, 
it will be appreciated that other forms of filter mem- 
branes, such as a flat sheet, may be provided within 
chamber 150 instead. 

The connector element 77, which is identical in con- 
struction to connector elements 73-76, is seen in FIG. 
16 to comprise a short conduit segment 154 having an 
outside diameter corresponding to the inside diameter 
of tubing segment 31. The tubing segment is forced over 
one end of the conduit segment, and the other end is 
received within a projecting flange portion 155 of the 
flexible sheet member 71. A bonding material is applied 
between the ends of the conduit segment and the sheet 
member and tubing segment to provide a durable fluid 
seal. 

Referring to FIG. 17, the fluid absence detector 145 
comprises a vertically-orientated chamber 156 through 
which plasma-deficient whole blood flows prior to 
being reinfused into the patient. When processing mod- 
ule 20 is installed in actuator 21 chamber 156 is verti- 
cally aligned, so that should a fluid absence develop, as 
a result of a pump malfunction, an occlusion, or any 
other reason, a fluid void will develop at the upper end 
of the chamber. A fluid detector system comprising the 
ultrasonic transmitter 123 on actuator plate 94 and a 
receiver 157 on back plate 91 sense the presence or 
absence of whole blood at a predetermined level 158 
within chamber 156. Upon the detector. sensing a fluid 
absence at this location, operation of the plasmapheresis 
processing system is terminated and an alarm is 
sounded, in accordance with conventional practice. 
The fluid detector, and its associated circuitry may be 
similar to that described in U.S. Pat. No. 4,341,116 of 
Arnold C. Bilstad and Michael Wisnienski, entitled 
"Liquid Absence Detector". 

An alternate construction for the ultrasonic fluid 
absence detector is shown in FIG. 18. In this construc- 
tion a combined transmitter-receiver transducer ele- 
ment 159 is situated on the movable actuator plate 94. 
The transmitter portion of the transducer introduces 
ultrasonic energy into chamber 156 and the detector 
portion of the transducer responds to reflected energy 
to produce an output signal indicative of the presence or 
absence of fluid in the chamber. In this way the detector 
system does not rely on the transparency of the bottom 
panel 36 of housing 22, thereby avoiding the possibility 
of the detector being rendered inoperative by tape or 
other material adhering to the outside surface of the 
bottom panel. 
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As shown in FIG. 13, each of the eight pump ele- positive pressure during the fill stroke, and fully opened 

ments 130-137 in fluid circuit 129 includes a central by negative pressure and/or fluid pressure during the 

displacement chamber (a), an upline valve stop (b), and pump stroke. The pump element actuator ports 

a downline valve stop (c). As shown in FIG. 10, the 103a- 103d are identical to those of valve 134. 

eight pump actuator elements 100-107 on actuator plate 5 Another alternate construction for the pump ele- 

94 each include a central pumping port (a), an upline ments is shown in FIGS. 21A-21E, which depict the 

valving port (b), and a downline valving port (c), which construction and operation of the bidirectional saline 

interact with the central displacement chamber, upline pU mp element 136. This pump element ultilizes two 

valve stop, and downline valve stop of their counterpart normally fully open valve elements 1366 and 136c. 

pump elements in the fluid circuit. In addition, each of 10 w hi c h can be actuated to a fully closed position by 

the eight pump actuator elements includes an annular appropriate positive pressures through pressure ports 

hold-down port (d) which encircles the pump actuator 10 66 and iQfc respectively. As shown in FIG. 20A, at 

po If, ... rest DOtn valves are open and fluid can flow through the 

The operation of pump element 134 is illustrated in pump element 

FIGS. 19A-19C As shown in the Figures, the inlet 15 For i e f t -to-right flow, as illustrated in FIG. 21B and 

valve consists of an actuator port 104* formed in the 21C va]ve n6b is durj each m stroke> and 

actuator plate 94 of the ; movable actuator head assembly dosed b hive re at t im duri each 

25, and a valve stop 1346 formed in the ngid bottom stroke At the same ti val ve 136c is dosed b 

panel 36 of housing 22. Simikrly, the ou let valve con- re Hed th h 10fic dufi each ffll 

sists of an actuator port 104c and a valve stop 134c. 20 stfok aIlowed t0 f ema ^ 0 duri ^ch 

Each pump chamber is formed by a pump port 104a in „, , ^ — ... . , Ct n r .„ . ° . ^J; 

\ * , . . , J *t. u <^ • stroke. For right-to-left flow, as illustrated in FIGS, 

the actuator plate and a displacement chamber 134a m - 1T ^ . he? i • i j j i_ *-h 

the bottom anel ' e ls cIosed during each fill 

» . . u * tits* m a ^ stroke, and valve 136c is closed during each pump 

At rest, as shown in FIG. 19 A, processor apparatus tr k 

21 provides no vacuum at either the upline valving 25 —.^ , . . A « ... . . 

chamber 1046 or the downline valving chamber 104c „ Th f us ' valve element 136 is able to pump fluid m either 

Consequently, sheet member 71 rests in close proximity directum, with a minimal pressure requirement for 

to the inlet and outlet valve seats 1346 and 134c, provid- valve actuation. This makes the valve construction well 

ing a normally partially closed position. Sl " ted f or u ? e m * e saline co " dult 146 > wl | ere flow may 

During operation of the module, a pump fill stroke is 30 take P] ace mt ° the svst / n ? dunn S no ™? replacement 

initiated by processor apparatus 21 by drawing a vac- Procedures, and out of the system during prime and 

uum in inlet valving chamber 1046 to draw sheet mem- P u £p procedures. 

ber 71 into the valving chamber. This fully opens the ™r optimum efficiency in separating plasma it is 
inlet valve and allows fluid to flow through the valving desirable that the transmembrane pressure (TMP) pres- 
chamber and into the displacement chamber 134c. At 35 ent m the hollow-fiber filter element 141 be controlled 
this time a vacuum is slowly drawn at the pumping port and regulated. To this end, the fluid circuit 129 includes 
104a so as to draw the sheet member 71 to the bottom in - Iine in conduit segment 144 a pressure regulator ele- 
(as viewed in FIG. 19B) of the displacement chamber to ment 16a Referring to FIG. 22, this regulator corn- 
cause fluid to enter the chamber. At this time the down- P nses a valve stop 161 in the ngid bottom panel 36 and 
line valve is fully closed by reason of a positive, pressure 40 an underlying pressure port 162 in actuator plate 94. 
being applied at valving port 104c, causing sheet mem- with this arrangement it is necessary that the flexible 
ber 71 to be displaced against the valve stop 134c. sheet member 71 be deflected downwardly into pres- 

Upon completion of the fill stroke a pump stroke is sure Port 162 and away from valve stop 161 before fluid 
initiated by processor apparatus 21. Inlet valving port can flow through conduit 144. Pressure regulation is 
1046 is pressurized to displace sheet member 71 against 45 provided by introducing a predetermined metering 
valving shoulder 134& At the same time, a vacuum is pressure in chamber 162 in opposition to deflection of 
drawn at outlet valving port 104c to draw sheet member sheet member 71, so that the valve opens only when the 
71 into the valving port thereby fully opening the outlet desired pressure level has been reached in conduit 144, 
valve. A positive pressure is next slowly introduced into an d modulates to maintain the desired pressure once 
pumping port 104a to force sheet member 71 upwardly 50 flow has been initiated. By maintaining the metering 
(as viewed in FIG. 19C) to displace fluid within the .pressure constant, the desired upline pressure is main- 
fluid displacement chamber 134a. * tained in conduit 144 and filter element 141. 

An alternate construction for the pump elements is In some applications it may be possible to avoid the 

shown in FIGS. 20A-20C, which depict the construe- need for pressure regulator element 160 by appropri- 

tion and operation of the ACD pump element 133. In- 55 ately biasing the normally-closed inlet valve chambers 

stead of a normally partially closed inlet valve stop 134£> 134A and 135£ so that pump elements 134 and 135 func- 

provided in pump element 134, valve 133 utilizes a tion as pressure regulating elements. The outlet valves 

normally fully open valve stop 1336 which is closed 134c and 135c would then remain unbiased by pneu- 

only during the pump stroke upon application of posi- matic pressure so as to open in response to applied fluid 

tive pressure to the inlet valve control port 1036, as 60 pressure upon the opening of inlet valves 1346 and 135c. 

shown in FIG. 20c. By avoiding the need to draw a To permit the monitoring of system operating pres- 

vacuum in inlet valve control port 1036 during rest and sures, fluid circuit 129 includes three pressure monitor 

fill strokes valve element 133 conserves energy within elements 163-165. Pressure monitoring element 163 is 

the apparatus and simplifies the associated valve actua- located in conduit segment 140 and monitors negative 

tor apparatus. 65 pressure to detect the occurrence of a collapsed vein. 

The pump chamber 133a and outlet valve 133c of Monitor 164 is located in conduit segment 144 and mon- 

valve 133 are identical in construction and operation to itors positive pressure to detect the occurrence of an 

those of valve 134. Outlet valve 133c is fully closed by occlusion in the output circuit. Monitor 165 is located in 
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the input conduit 140 to the filter element 141 to moni- operating speed of the replacement fluid pump element 

tor filter inlet pressure, and hence TMP. 136, 137 is controlled. A plurality of push button 

Referring to FIG. 23, monitor element 165, which switches 176 are provided to establish the operating 

may be identical to elements 163 and 164, is seen to mode of the apparatus, and a plurality of status-indicat* 

comprise an in-line chamber 166 formed in conduit 5 ing lights 177 provide indications of malfunctions in the 

segment 140, and a conventional pressure transducer system. A digital readout 178 indicates the total volume 

. 167 mounted within actuator plate 94 and positioned to of plasma collected, and a digital readout 179 indicates 
operatively engage the flexible sheet member as it over- . plasma collection rate. A selector switch 180 enables 

lies the chamber. Pressure variations in the fluid, which the replacement fluid rate to be set as a ratio of the 
necessarily exist in the chamber, are reflected in 10 actual plasma collection rate. 

changes in the electrical output signal produced by Since the displacement chambers 130j-137a of the 
transducer 167. These signals are utilized by appropri- pump elements 130-137 have a fixed and constant vol- 
ate control circuitry in actuator apparatus 21 to provide ume, fluid flow within the fluid circuit 129 can be con- 
readouts of system parameters and to control the opera- trolled with great accuracy by controlling the number 
tion of the fluid circuit. 15 of pump actuations. Since each pump pulse may be 
To prevent red blood cells from being inadvertantly treated as an aliquot, processing, proportioning and 
collected in plasma collection container 30, the fluid timing operations are easily accomplished in the course 
circuit 129 includes a hemolysis detector 168 in conduit of the procedure. 

segment 143. Basically, this detector includes an in-line In many procedure, such as continuous flow blood 

chamber 169 through which collected plasma is caused 20 fractionation, or hemodialysis, it is desirable that the 

to flow. The presence of red blood cells in this chamber fluid being processed in fluid module 20 be maintained 

is detected by a detector 170, which may include two at a constant predetermined temperature, such as 98° F. 

monchromatic light sources of different wavelengths, a To this end, processor apparatus 21 may, as shown in 

light detector responsive to reflection of light from FIG. 8, include a resistance heating element 81 in back 

within the chamber at the two wavelengths, and cir- 25 plate 91, and a resistance heating element 182 in actua- 

cuitry responsive to the light detector for providing an tor plate 94, in addition to appropriate thermal insula- 

alarm. The detector system may be as described in U.S. tion for these components. These elements are powered 

Pat. No. 4,305,659 to Arnold C. Bilstad et al. t entitled by suitable circuitry within the processor apparatus in 

"Photometric Apparatus and Method", and assigned to accordance with the temperature sensed by a tempera- 

the present assignee. 30 ture sensing element 183 on back plate 91 to maintain 

To maintain a continuous non-pulsating flow through the desired temperature. Because of the minimal fluid 

the fluid circuit, the paired fluid pump elements are volume in process at any one time, and the intimate 

operated in alternation. That is, when one pumpcompo- contact between the fluid circuit 129 and the relatively 

nent is operated in a fill stroke, its pair is operating in a massive actuator plate 94 and back plate 91, efficient 

pump stroke. In this way, an uninterrupted non-pulsat- 35 thermal transfer is realized and fluid temperature is 

ing flow of fluid is maintained through the fluid circuit. accurately maintained. 

Specifically, elements 132 and 133 are paired and Alternatively, where it is desired that the fluid in 

operated to introduce ACD into the main fluid conduit process be cooled, as in cryoagulation procedures, or in 

140 at an operator-designated rate to prevent blood the secondary treatment of plasma, cooling elements 

clotting. Pump elements 130 and 131 advance the whole 40 may be substituted for heating elements 181 and 182, 

blood obtained from the donor together with the ACD and a secondary amount of cooling provided as sensed 

to the hollow fiber filter element 141. Within this ele- by temperature sensor 183. 

ment the whole bipod is fractionated and the derived Furthermore, while the ACD and saline containers 

plasma component is discharged through conduit seg- 43 and 44 have been shown as discrete containers, it will 

ment 143 to the plasma collection container 30. 45 be appreciated that with appropriate modifications to 

The plasma-deficient output from filter 141 is ad- fluid circuit 129, such as the provision of valves inline 

vanced along conduit segment 144 by pump elements with the containers, these containers as well as contain- 

134 and 135, which operate in alternation to maintain a ers for any other fluid, stored or collected in a proce- 

smooth non-pulsating flow at this point. Pump elements dure, could be formed directly within the fluid circuit, 

136 and 137 introduce saline into the main flow conduit 50 with a construction similar to that of chamber 150 of 

144 at an operator-designated rate as a plasma replace- filter element 141. 

ment fluid, or pump fluid and/or trapped air into saline Also, while the filter element 141 has been shown as 

container 44 during prime and purge procedures. formed within the fluid circuit, it will be appreciated 

By controlling the rate at which pressure differentials that if desired this element can be provided as a discrete 

are established in the pump actuator ports 100<7-107a a 55 element, apart from the fluid circuit. Connections to the 

gentle and natural pumping action is obtained which element would then be made by tubing segments, as 

provides minimal damage to processed blood cells. The with containers 43 and 44. 

pumping rates of the individual pump elements may be Reference is made to the previously-identified co- 
set by the operator, or by automatic means within the pending application of the present inventors, entitled 
processor apparatus responsive to measured system 60 "Actuator Apparatus for a Prepackaged Fluid Process- 
parameters, such as the volume and rate of plasma col- ing Module Having Pump and Valve Elements Opera- 
lection. To this end, control panel 26 (FIGS. 6 and 7) of ble in Response to Applied Pressures", filed concur- 
apparatus 21 includes a selector switch 171 by which rently herewith, for a further explanation of processor 
the operating speed of the anticoagulant pump element apparatus 21. 

is set, a potentiometer control 172 and digital readout 65 By reason of the compact fluid circuit made possible 
173 by which the operating speed of whole blood pump by the integrated housing and fluid circuit, fluid con- 
elements 130, 131 and 134, 135 is controlled, and a po- nections between components of the processing system 
tentiometer 174 and digital readout 175 by which the of the invention are short and direct, so that, in the case 
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of plasmapheresis, a minimal quantity of blood is re- ing an inlet valve stop, an outlet valve stop, and a 

moved at any one time from the donor during process- fluid displacement chamber being generally ar- 

ing. This minimizes trauma to the donor. ranged for continuous fluid flow therethrough; 

Furthermore, by reason of the pumping and valving wherein said relatively flexible fluid impervious sheet 

connections to the processor being automatically estab- 5 member overlies said base member in fluid-sealed 

lished upon installation of the system housing in associ- arrangement therewith, and forms in conjunction 

ated processor apparatus, set-up time is minimized to with said raised portion of said base member said 

the benefit of both the operator and the donor in the fluid circuit which serially includes a fluid passage- 

plasmapheresis procedure illustrated. way and said pump element; and 

While a particular embodiment of the invention has 10 wherein said flexible sheet member is displaceable 
been shown and described, it will be obvious to those against said inlet and outlet valve stops by pressure 
skilled in the art that changes and modifications may be applied to said sheet member for closing said valve 
made without departing from the invention in its stops, and is displaceable into said fluid displace- 
broader aspects, and, therefore the aim in the appended mem chamber for forcing fluid along said passage- 
claims is to cover all such changes and modifications as 15 wav 

fall within the true spirit and scope of the invention. A fl u j d modu i e ^ defined in claim 10 wherein at 

We claim: l eas t one 0 f sa jd valve stops extends in close proximity 

1. A fluid module for use in a fluid procedure, com- to said flexible sheet member to form a normally par- 
prising: tially closed valve requiring outward deflection of said 

a housing open at one end, including a . removable 20 fl ex i b i e sheet member to fully open said valve enabling 

cover overlying said open end; and fluid passage ai ong passageway. 

a relatively flexible fluid impervious sheet member n A Md module as defined m daim n wherein 

within said housing forming m conjunction with both ofsajd valve stops extend in dose p r0 ximity to said 

said housing a fluid circuit including at least one flexible sheet member to form normally partially closed 

pump element actuable in response to an applied 25 valveseachrequ iring outward deflection of said flexible 

pressure. . j sheet member to fully open said valves enabling fluid 

2. A fluid module as defined » claim i 1 wherein said said ^ 

C °r\ lS ^ M l T m °^ r C f m T ? i« „ih " A fluid module as defined in claim 10 wherein at 

3. A fluid module as defined in claim 1 wherein said ye frQm said 

housing comprises a te j^^J^ « S fl ld ' 30 flexible sheet member in the undeflected position to 

panel forming ™ form a normally open valve requiring inward deflection 

said fluid circuit is formed in conjunction with said base Qf ^ flexibl / she P et member ? Q clo * e said valve . 

Ta fluid module as defined in claim 1 or 3 wherein £ * flu ^ "f^ « deflned ^TJ 

said one pump element is responsive to a force applied 35 *>th .of said valve stops are spaced away from sa d 

to said flexible sheet member for urging fluid through A™We ^eet member in the undeflected position to 

said fluid circuit form normall y °P en valves squiring inward deflection 

5. A fluid module as defined in claim 4 wherein said of said flexible sheet member to close said valves, 
force is a pressure force. „ « A m ° dular fluid P rocessln 8 s y stem for use m a 

6. A fluid module as defined in claim 1 wherein said 40 fluid procedure, comprising: 

fluid circuit is a single : use circuit, and said housing and * housjn S have a base panel and at least one side 

said fluid circuit are disposable. panel; 

7. A fluid module as defined in claim 1 at » eas f on 5 svste . m element , conta f med WIthl ° said 
wherein said housing includes a panel member housing for use in conjunction with the procedure; 

formed of a relatively inflexible fluid-impermeable 45 . - « , , , -i.--.ji_- 
material and including a generally outwardly de- * fluid-impermeable sheet member within said hous- 
pressed portion therein; and in S overlying said base panel, and forming in con- 
wherein said relatively flexible fluid impervious sheet junction with said base panel a fluid circuit in fluid 
member overlies said pahel member in fluid-sealed . communication with said component, 
engagement therewith, said sheet member forming 50 1* A fluid module as defined in claim 15 wherein said 
in conjunction with said depressed portion said cover is open at at least one end, and includes a remov- 
fluid circuit which serially includes a fluid passage- ' able cover overlying said open end. 
way and said at least one pump element responsive 17. A fluid module as defined in claim 16 wherein said 
to said pressure applied to said flexible sheet mem- cover is peelably removable from said housing, 
ber for controlling fluid flow in said passageway. 55 18. A fluid module as defined in claim 15 wherein said 

8. A fluid module as defined in claim 1 or 7 wherein sheet member is relatively flexible, and said fluid circuit 
said one pump element is actuable by a pneumatic pres- includes a circuit element responsive to an applied force 
sure force applied to said sheet member. for forcing fluid through said circuit. 

9. A fluid circuit as defined in claim 8 wherein said 19. A fluid module as defined in claim'18 wherein said 
force is applied by actuator means at a predetermined 60 fluid circuit includes a filter element. 

location on said sheet member and wherein said base 20. A fluid module as defined in claim 18 wherein said 

panel comprises alignment means for maintaining said circuit element is responsive to displacement of a por- 

sheet member location in operative alignment with said tion of said overlying fluid-impermeable sheet member 

actuator means. in response to an applied pneumatic pressure differen- 

10. A fluid module as defined in claim 1 65 tial, 

wherein said housing includes a relatively stiff fluid- 21. A fluid module as defined in claim 20 wherein said 

impermeable base member including a raised por- circuit element comprises a pump element for urging 

tion thereon forming said one pump element hav- fluid through said circuit. 
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22. A fluid module as defined in claim 11 wherein said 
base panel is relatively stiff and includes an outwardly 
deformed portion forming in conjunction with said 
overlying sheet member said fluid circuit, and wherein 
said overlying sheet member is relatively flexible,. and 
wherein said fluid circuit includes a circuit element 
actuable by a force applied to said sheet member. 

23. A fluid module as defined in claim 22 wherein said 
applied force comprises a pressure. 

24. A fluid module as defined in claim 23 wherein said 
pressure differential is applied by actuator apparatus 
external to said housing, and said side panel includes at 
least one aperture facilitating pressure communication 
between said actuator apparatus and said flexible sheet 
member. 

25. A fluid module for fractionating a desired fluid 
component from a whole fluid, said module comprising, 
in combination 

a housing having a base panel and at least one side 
panel; 

a filter element for separating the desired component 
from the whole component; and 

a fluid-impervious sheet member within said housing 
overlying said bottom panel, said bottom panel 
including a depressed portion forming in conjunc- 
tion with said overlying sheet member a fluid cir- 
cuit serially including said filter element. 

26. A fluid module as defined in claim 25 wherein said 
housing is open at one end and includes a removable 
cover enclosing said housing. 

27. A fluid module as defined in claim 26 wherein said 
cover is peelably removable from said housing. 

28. A fluid module as defined in claim 25 wherein said 
base panel is outwardly deformed to form in conjunc- 
tion with said overlying sheet member a filter chamber, 
and wherein said filter element is disposed within said 
chamber. 

29. A fluid module as defined in claim 28 wherein said 
filter element comprises a hollow-fiber filter element. 

30. A fluid module as defined in claim 25, wherein 
said housing contains a container for fluid involved in 
the fractionation procedure, and said fluid circuit is in 
fluid communication with said container. 

31. A fluid module as defined in claim 25 wherein said 45 
housing and said sheet member are disposable members 
formed of a plastic material. 

32. A modular fluid system for performing a fluid 
procedure, comprising: 

a housing open at one end and including a base panel 50 
and at least one side panel formed of a relatively 
inflexible fluid-impermeable plastic material; 

a system component contained within said housing 
for use in conjunction with said fluid procedure; 

a relatively flexible fluid-impermeable sheet member 55 
overlying said base panel, said base panel including 
an outwardly depressed portion thereon forming in 
conjunction with said sheet member a fluid-sealed 
fluid circuit including a circuit element actuable by 
force applied to said sheet member; and 

removable cover means overlying the open end of 
said housing. 

33. A fluid module as defined in claim 32 wherein said 
circuit element comprises a pump element actuable by 
pressure applied to said flexible sheet member. 

34. A fluid module as defined in claim 33 wherein said 
side panel includes an access aperture to facilitate appli- 
cation of pressure to said sheet member. 
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35. A fluid module as defined in claim 32 wherein said 
system container is connected in fluid communication 
with said fluid circuit, and removable from said housing 
through said open end. 

36. A fluid module for. use in a fluid procedure com- 
prising 

a housing comprising a base panel and at least one 
side panel forming an open ended tray-like encld- 
. sure, and 

a relatively flexible fluid impervious sheet member 
within said housing forming in conjunction with 
said base panel a fluid circuit including at least one 
pump element actuable in response to an applied 
pressure. 

37. A fluid module as defined in claim 36 and further 
including a cover over said open end for closing said 
housing. 

38. A fluid module as defined in claim 37 wherein said 
cover is peelably removable from said housing. 

39. A fluid module as defined in claim 36 wherein said 
one pump element is responsive to a force applied to 
said flexible sheet member for urging fluid through said 
fluid circuit. . 

40. A fluid module as defined in claim 36 
wherein said base panel is formed of a relatively in- 
flexible fluid-impermeable material and includes a 
generally outwardly depressed portion therein; and 

wherein said relatively flexible fluid impervious sheet 
member overlies said base panel in fluid-sealed 
engagement therewith, said sheet member forming 
in conjunction with said depressed portion said 
fluid circuit which serially includes a fluid passage- 
way and said at least one pump element responsive 
to said pressure applied to said flexible sheet mem- 
ber for controlling fluid flow in said passageway. 

41. A fluid module as defined in claim 39 or 40 
wherein said one pump element is actuable by a pneu- 
matic pressure force applied to said sheet member. 

42. A fluid module as defined in claim 36 
wherein said base panel includes a raised portion 

thereon forming said one pump element having an 
inlet valve stop, an outlet valve stop, and a fluid 
displacement chamber being generally arranged 
for continuous fluid flow therethrough; 
wherein said relatively flexible fluid impervious sheet 
member overlies said base panel in fluid-sealed 
arrangement therewith, and forms in conjunction 
with said depressed portion of said base panel said 
fluid circuit which serially includes a fluid passage- 
way and said pump element; and 
wherein said flexible sheet member is displaceable 
against said inlet and outlet valve stops by pressure 
applied to said sheet member for closing said valve 
stops, and is displaceable into said fluid displace- 
ment chamber for forcing fluid along said passage- 
way. 

43. A fluid module as defined in claim 42 
wherein at least one of said valve stops extends in 

close proximity to said flexible sheet member to 
form a normally partially closed valve requiring 
outward deflection of said flexible sheet member to 
fully open said valve enabling fluid passage along 
said passageway. 

44. A fluid module as defined in claim 43 
wherein both of said valve stops extend in close prox- 
imity to said flexible sheet member to form nor- 
mally partially closed valves each requiring out- 
ward deflection of said flexible sheet member to 



08/27/2003, EAST Version: 1.04.0000 



4,479, 

19 

fully open said valves enabling fluid passage along 

said passageway. 
45. A fluid module as defined in claim 42 5 
wherein at least one of said valve stops is spaced 

away from said flexible sheet member in the unde- 

flected position to form a normally open valve. 
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requiring inward deflection of said flexible sheet 

member to close said valve. 

46. A fluid module as defined in claim 45 

wherein both of said valve stops are spaced away 

from said flexible sheet member in the undeflected 

position to form normally open valves requiring 

inward deflection of said flexible sheet member to 

close said valves. 
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